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MED.
Physical activity is beneficial for human physical health and well-being. 
Accordingly, the association between physical activity and mood in everyday life 
has been a subject of several Ambulatory Assessment studies. This mechanism has 
been studied in children, adults, and the elderly, but neglected in adolescents. It is 
critical to examine this mechanism in adolescents because adolescence plays a key 
role in human development and adolescents’ physical activity behavior translates 
into their behavior in adulthood. We investigated adolescents’ mood in relation to 
distinct physical activities: incidental activity such as climbing stairs; exercise 
activity, such as skating; and sports, such as playing soccer. We equipped 134 
adolescents aged 12-17 years with accelerometers and GPS-triggered electronic 
diaries to use in their everyday life. Adolescents reported on mood repeatedly in 
real time across 7 days, and these data were analyzed using multilevel-modeling. 
After incidental activity, adolescents felt better and more energized. After exercise, 
adolescents felt better but less calm. After sports, adolescents felt less energized. 
Analyses of the time course of the effects confirmed our findings. Physical activity 
influences mood in adolescents’ everyday life, but has distinct effects depending on 
the kind of physical activity. Our results suggest incidental and exercise activities 
entail higher post-bout valence compared to sports in competitive settings. These 
findings may serve as an important empirical basis for the targeted application of 
distinct physical activities to foster well-being in adolescence.
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1 |  INTRODUCTION
Physical activity can improve well-being1 and fosters physi-
cal health.2 Nevertheless, 81% of adolescents globally (aged 
11-17 years) do not reach the level of physical activity nec-
essary to sustain health that is recommended by the World 
Health Organization.1 Behavioral theories suggest positive 
feeling states (ie positive affective responses) after physical 
activity to drive individuals to repeat those activities.3 As a 
long-term consequence, these positive feelings may lead to 
an active life style and thus improve well-being, promote 
health, and enhance quality of life.1,3,4 Given that adoles-
cents’ physical activity behavior has been shown to translate 
into adulthood, the investigation of the association between 
physical activity and mood in adolescents constitutes a major 
priority. According to the broad definition of Williams et al,6 
the umbrella term “affect” describes an evaluative neurobi-
ological state that includes core affect, emotion, and mood. 
Affect coordinates patterns of physiological and involuntary 
behavior changes (eg heart rate and facial expression) and 
subjective experiential feelings (eg pleasure, anger). Moods 
(eg feeling irritable, anxious, happy, or contented) share com-
ponents with the construct of emotions but they are more dif-
fuse, do not focus on a specific event or stimulus, and are 
less time-limited than emotions. For instance, anger may be 
an emotion that is related to a specific event and may pass 
quickly, but being in an irritable mood may not be related to 
an specific event and may last longer with no specific time-
point of beginning or ending6 (for further discussion on the 
different affective constructs please refer to Williams et al6). 
Accordingly, post-bout mood has frequently been tackled in 
adults using daily life research (for further details please see 
the current review by Liao et al7).
The umbrella term “physical activity” describes different 
activities such as sports or exercise. Physical activities that 
occur in daily life are mostly done for an intended purpose 
(eg in the context of gardening, walking dogs, workplace) 
and are processed habitually, automatically, spontaneously, 
or incidentally (eg cleaning, running to the train).8 We la-
beled these activities here as “incidental activities” (IA). The 
reason why a person is physically active depends on his or 
her motives (eg fitness, strengthening, health, enjoyment, 
competing). Exercise, as a sub-category of physical activity, 
can be defined as planned, structured, and repetitive move-
ment with the main intention to improve physical fitness. 
Moreover, in contrast to exercise, participation in sports goes 
along with high physical exertion and with intentions of com-
petition that has official rules and institutional characteris-
tics. Additionally, some definitions imply sports are executed 
for internal or external rewards and require complex physical 
skills.9
To garner insights into how physical activity (ie incidental 
activity, exercise and sports) relates to mood in adolescents, 
intensive longitudinal data are crucial, since within-subject 
processes (derived from intensive longitudinal data) are con-
ceptually,11 methodologically,11 and empirically10 distinct 
from between-subject relationships (derived from cross-sec-
tional data). One striking example that emphasizes the impor-
tance of this distinction is that people with generally higher 
physical activity levels showed habitually lower blood pres-
sure (ie a negative between-subject correlation), but current 
higher physical activity coincided with higher blood pressure 
in everyday life, for example, when climbing stairs (ie a pos-
itive within-subject correlation).12 This example shows that 
between-subject and within-subject findings are distinct from 
each other. Using a within-subject perspective to investigate 
mood is highly recommended since mood is known to fluctu-
ate enormously across time within both healthy and clinical 
populations.13
Ambulatory Assessment (AA) is a state-of-the-art meth-
odology that allows for the gathering of intensive longitu-
dinal data in everyday life.14 In particular, physical activity 
is measured objectively via accelerometers and mood is 
assessed repeatedly within persons in real time via elec-
tronic smartphone diaries.14 Consequently, AA has many 
advantages, such as a high ecological validity compared to 
laboratory studies (“white coat effect”15), a high accuracy 
of physical activity measurement compared to retrospective 
self-reports,16 and no or minimized recall biases compared to 
self-report methods.16
In the past decade, a few AA studies have provided evi-
dence that physical activity and mood dimensions are inter-
related within adults’ everyday lives. For example, studies 
have investigated whether mood states in everyday life are 
related to preceding and subsequent physical activity levels17 
or whether there are differential effects for different physical 
activity types and different mood dimensions.18 This issue 
has been studied mainly in adults,17,18 and there are few in-
vestigations in children19 and the elderly.8 Thus, the effect 
of healthy adolescents’ natural physical activity behavior 
on mood dimensions has so far been neglected. There is 
only one study investigating physical activity and mood in 
adolescents.20 This lack of research is surprising given the 
above-mentioned importance of adolescence in physical ac-
tivity behavior later on in adulthood.5
However, there is laboratory research on the relationship 
between physical activity and mood as well as studies on 
physical activity behavior in adolescents. In the laboratory, 
adolescents’ physical activity was shown to be positively 
associated with mood dimensions, that is, energetic arousal 
and valence and negatively associated with calmness.21 
Accordingly, studies found distinct mood responses to sports 
vs exercises.21,22 However, it has yet to be studied whether 
these findings translate into adolescents’ everyday life (eco-
logical validity) and whether there are distinct contextual ef-
fects (eg based on the type and setting of physical activity).
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Despite the converging evidence from AA studies on the 
real-life association between physical activity and mood di-
mensions in children,19 adults,17,18 and the elderly,8 the in-
vestigation of this psychological mechanism in adolescents 
has so far been neglected. Thus, we conducted an AA study 
applying accelerometry in combination with e-diaries on 
smartphones in 134 individuals aged 12-17  years to inves-
tigate specific influences of physical activity on mood in 
adolescent's everyday life. Based on the empirical findings 
reviewed above, our main hypothesis was that incidental ac-
tivity (IA; such as climbing stairs) would increase valence 
(hypothesis 1) and energetic arousal (hypothesis 2), but 
also decrease calmness (hypothesis 3) within adolescents. 
Moreover, we conducted explorative analyses aiming to in-
vestigate whether sports (such as soccer and tennis) vs no 
activity (ie not moving at all) and exercise activities (such 
as jogging and skating) vs no activity (ie not moving at all) 
would show distinct effects on adolescent's subsequent mood. 
Additionally, we explored the time course of effects.
2 |  MATERIALS AND METHODS
2.1 | Participants
Adolescents aged 12-17 years were recruited from December 
2014 to January 2017 from the URGENCY study (Impact of 
Urbanicity on Genetics, Cerebral Functioning and Structure 
and Condition in Young People) in the psychiatric-epide-
miological center at the Central Institute of Mental Health 
in Mannheim, Germany. Adolescents with acute diseases, 
mental disorders, cardiovascular disorders, or chronic en-
docrine or immunological diseases were excluded from the 
study in advance. For detailed information on the recruitment 
and methods, see Ref.18 Participants received monetary 
compensation.
We excluded 12 out of 134 datasets due to a large ac-
celerometer non-wear time (ie <10 hours per day);23 6 out 
of 134 datasets were excluded because of missing acceler-
ometer data, that is, lost devices, incomplete recordings 
(eg defect devices or the accelerometer ran out of battery). 
Furthermore, 3 datasets were excluded due to low e-di-
ary compliance (<30%).24 This process led to a final sam-
ple size of n  =  113 participants (52% male, 48% female). 
The sample's mean age was 15.02  years (SD  =  1.70), and 
the average BMI was 20.14  kg/m2 (SD  =  2.66). There 
were no meaningful differences between participants/data-
sets that were removed and those that were retained for 
analysis concerning gender (χ2(1)  =  0.620, P  =  .431), age 
(mean included (n  =  113)  =  15.041, SD  =  1.839; mean 
excluded (n  =  21)  =  14.407; SD  =  1.242; t (39)  =  1.973; 
P  =  .056), BMI (mean included (n  =  113)  =  20.143, 
SD = 2.657; mean excluded (n = 21) = 19.708; SD = 2.883; 
t (132) = 0.680; P = .498), and socioeconomic status (mean 
included (n = 110) = 16.646, SD = 2.740; mean excluded 
(n = 20) = 16.380; SD = 1.877; t (36) = 0.537; P = .595); for 
more details see (Appendix 1).
2.2 | Ambulatory assessment procedure
Prior to the study, each participant received thorough in-
structions on how to handle the study devices. Thereafter, 
the participant's physical activity was monitored objectively 
via an accelerometer (movisens Move-II or Move-III, mov-
isens GmbH) in their everyday lives over seven consecutive 
days. The triaxial acceleration sensors measured IA with a 
sampling frequency of 64  Hz and a range of ±8  g on the 
right-hand side of the participants’ hips. Participants were in-
structed to wear the accelerometers during waking hours but 
not while sleeping. Additionally, participants reported their 
mood via repeated ratings in e-diaries (Motorola Moto G) in 
real-time.
For assessing mood, Wilhelm and Schoebi25 recommend 
either a two-dimensional construct that is beneficial for a 
between-subjective perspective (level two) or a three-di-
mensional model that is beneficial for a within-subject per-
spective (level one).25 Wilhelm and Schoebi25 revealed the 
following psychometric properties for their three-dimen-
sional scale on the within-person level, that is, reliability 
coefficients for valence and calmness: 0.70; and for ener-
getic arousal: 0.77. Therefore, their scales are used in many 
studies that investigate mood in the everyday life of adults. 
However, since youths’ developmental stages reveal special 
social (eg rules, communication, moral concept, and inter-
action with others) and cognitive skills (eg verbal, theory of 
mind, and self-reflection) that have to be taken into account 
in the questionnaire structure, we used the first established 
and validated instrument by Leonhardt et al26 for assessing 
mood in adolescents in our study. This instrument is based 
on the Multidimensional Mood Questionnaire25 and uses a 
three-dimensional construct for assessing within-person ef-
fects, as recommended by Wilhelm and Schoebi.25 Leonhardt 
et al26 validated the mood dimensions valence (items: “con-
tent, cheerful, delighted, good, fantastic, unhappy, mad, 
afraid, miserable”); energetic arousal (items: “concentrated, 
active, interested, exhausted, tired, faint”); and calmness 
(items: “rested, pleasant, anxious, stressed, on edge”) in 
youth. These items were presented on seven-point Likert 
scales with reversed polarity and in a mixed order. Leonhardt 
et al26 showed that this three-dimensional approach is best 
suited to assess mood in youth on both the between- and 
within-subject levels.26 We calculated psychometric proper-
ties for the final (three-dimensional) model using McDonalds 
Omega27 to reveal within- and between-subject reliability 
(see Appendix 2). The movisensXS smartphone app (version 
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0.6.3658, movisens GmbH) triggered e-diary prompts be-
tween 16:00 and 20:30 on weekdays (to not disturb pupils) 
and 9:00 and 20:00 on weekend days and queried for mood 
levels. Within our sampling schema, participants were trig-
gered based on location; that is, whenever participants ex-
ceeded a distance of 0.5  km, the location-based trigger 
prompted participants. Methodologically, these triggered 
e-diaries use an algorithm for real-time detection of situa-
tions of interest (ie when participants are physically active) to 
prompt e-diaries exactly at those moments. Thus, this state-
of-the-art technology allows for the assessment of a maxi-
mum within-subject variance of the parameter of interest 
in comparison to traditional sampling schemas (triggering, 
eg at random time points).14 Additionally, time-based trig-
gers prompted participants at 16:30 and 20:20 (weekdays) or 
9:30 and 19:50 (weekend days), resulting in 4-7 prompts/d 
on weekdays and 8-17 prompts/d on weekends. One prompt 
followed the other at 37 minutes (minimum trigger interval) 
at the earliest but not later than 77 minutes (time-out trigger). 
Participants had the choice to answer the alarm immediately 
or with a delay of 5, 10, or 15  minutes. Such mixed sam-
pling strategies, for example, combining location-based and 
time-based triggers, have been shown to maximize the with-
in-subject variance in the parameters of interest.14 After their 
week of study participation, participants were asked to report 
the type, time point, and duration of their exercise activities 
by means of a procedure similar to the Day Reconstruction 
Method (DRM), which is described in detail elsewhere.17 
Participants were shown a digital map (movisens GmbH) 
displaying their whereabouts within the study week and were 
asked to label their sports and exercise locations to report the 
type of exercise, exercise time points, and durations.
2.3 | Data processing
2.3.1 | Incidental activity
To parameterize IA for our main analyses, we first used 
the software DataAnalyzer (version 1.6.12129, Movisens 
GmbH) to compute Movement Acceleration Intensity (MAI, 
[millig/min]). In particular, raw data (64 Hz) captured from 
the three accelerometer axes were aggregated to a minute 
resolution using vector addition. A high-pass filter (0.25 Hz) 
was used to eliminate gravitational components and artifacts 
were excluded using a low-pass filter (11 Hz) (for details, see 
Ref. 28). Second, to avoid the confounding effects of exercise 
activity with IA on mood (because both exercise activity and 
IA were entered into our multilevel model as predictors of 
interest; see below), we set the incidental activity variable to 
zero at all time points when participants had been exercising. 
Third, we aggregated MAI within a 15-minute time frame 
prior to each answered e-diary assessment because this time 
frame has been shown to be optimally suited to investigate as-
sociations of physical activity and mood.29 Fourth, to inves-
tigate the time course of the potential effects of IA on mood, 
we aggregated the MAI within four additional time frames 
prior to the answered e-diary assessments. Specifically, we 
aggregated MAI in time frames ranging from 16-30, 31-45, 
46-60, and up to 61-75  minutes. To differentiate between-
person effects from within-person effects, we centered all 
incidental activity variables on the persons’ mean within the 
study week.
2.3.2 | Exercise
To parameterize exercise activity for our explorative analy-
ses, we used the data derived from the participants’ reports on 
their exercise activity within the study week. In particular, we 
used the information on the time frame when participants had 
been exercising to compute a dichotomous variable indicat-
ing whether participants engaged in an exercise activity prior 
to each e-diary prompt [1] or not [0]. To analyze the time 
course of the potential effects of exercise activity on mood, 
we created five variables indicating whether exercise activ-
ity occurred within the 30, 60, 90, 120, or 240 minutes prior 
to each e-diary prompt. Thereafter, we used the participants’ 
reports on exercise types to categorize the exercise activities 
as sports vs exercise. We defined sports as activities executed 
in the context of rules and with an international regulatory 
agency (ie basketball, tennis30) and exercise as activity with 
an increased energy expenditure based on personal interests 
and needs or with the intent of an improvement of fitness, 
physical performance, or health (ie skating, jogging30). We 
created categorical variables, that is, 0 represented “inci-
dental activity,” 1 represented “sports,” and 2 represented 
“exercise.”
2.3.3 | Multilevel analyses
To identify within-subject relationships between distinct 
exercise types (sports vs exercise), IA and the three mood 
dimensions valence, energetic arousal, and calmness, we 
conducted multilevel analyses nesting repeated mood ratings 
(ie level 1) within participants (ie level 2). We used the sta-
tistical software SPSS (version 24, IBM) and set the α-level 
to 0.05. We calculated intraclass correlation coefficients by 
estimating three null models for each mood dimension to 
identify the amount of within-subject variance in our data. 
We entered the predictors of interest, that is, exercise (pa-
rameterized as a categorical variable, ie no activity (ie not 
moving at all) [0], sports [1], and exercise [2]) and IA as a 
dimensional variable (parameterized as the mean MAI within 
the 15 minutes prior to each e-diary assessment). To control 
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for conceivable effects of confounding parameters that have 
been shown to impact either physical activity or mood,8,13,31 
we entered age,31 gender,31 and BMI8 (in level 2, respec-
tively), as well as time and time-squared13 (in level 1, respec-
tively) as covariates of no interest into our three models (for 
model fit indices, refer to Appendix 3).The predictors time 
and time-squared were transformed, that is, we subtracted a 
value of 9 because adolescents received their e-diary prompts 
at the earliest time of 9:00. In particular, if an e-diary prompt 
was triggered at 14:26, the values 5.43 (time) and 29.49 
(time-squared) were entered in our model. We added random 
effects for every level 1 predictor but kept only significant 
random effects for our three final models (eg equation 1). 
We modeled the data with a variance components matrix 
and estimated models with full maximum likelihood.32 For 
evaluating the quality of the maximum likelihood estimators 
of the multilevel models, we performed bootstrapping33 and 
reported the resulting estimates in the Appendix 4. Bootstrap 
estimates were generated using SAS Software (Version 9.4).
Equation 1: Predicting valence (main model 1)
We estimated within-subject effects on level 1. In par-
ticular, subscript j refers to participant j, and the subscript 
i refers to the mood assessment. Accordingly, Yij represents 
the estimated level of each mood dimension (ie valence, en-
ergetic arousal, and calmness, respectively) at the given time 
i in participant j. The beta coefficients (β) at level 1 represent 
the intercept as well as the effects of the level 1 predictors IA, 
exercise activity (where exercise(k) is a dummy variable cod-
ing for the three categories of exercise activity), time of the 
day, and time of the day squared, whereas rij represents the 
residuals. Moreover, we estimated between-subject effects 
on level 2. As stated above, we kept only the random effects 
showing significance in our final models, represented by uij. 
Significant random effects indicated that there is variation in 
the participants' individual slope estimates around the respec-
tive overall mean slope estimates.
Studies investigating physical activity and mood often 
use short periods for exploring short-term-effects of the 
predictor.8 However, there is evidence that the effect is of 
long-term nature.18,29 To explore the time course of the 
effects discovered in our main models, that is, investigate 
whether relationships among IA, exercise, sports, and mood 
dimensions are of short- vs long-term nature, we subse-
quently computed additional multilevel models. For any 
analyses on the time course of the effects, we used the mod-
els specified above (eg see equation 2 with modifications 
highlighted). However, we incorporated one adaptation: We 
refrained from modeling random slopes but rather consid-
ered random intercepts within these additional analyses. In 
particular, to explore the time course of the effects of IA on 
mood, we computed 12 models (3*4 for each mood dimen-
sion), incorporating IA averaged across distinct time frames 
prior to the mood ratings (ie 16-30, 31-45, 46-60, and 61-
75). To explore the time course of the effects of exercise ac-
tivity on mood, we again computed 12 models (3*4 for each 
mood dimension) incorporating exercise activities within 
distinct time frames prior to the mood ratings (ie 31-60, 
61-90, 91-120, and 121-240). To compare the magnitude of 










×non exercise activityij+u3j× time of dayij+ rij
N Minimum Maximum Mean SD
Age (y) 113 11.50 17.88 15.02 1.70
BMI (kg/m2) 113 14.10 29.40 20.14 2.66
Incidental activity (mg/
participant/wk)
113 13.32 74.78 40.86 11.87
Valence (mean/participant/
wk)a 
113 4.10 6.95 5.59 0.54
Energetic arousal (mean/
participant/wk)a 
113 3.27 6.22 4.55 0.65
Calmness (mean/
participant/wk)a 
113 3.15 6.63 5.13 0.63
Compliance (%/wk) 113 42.86 100.00 81.95 14.24
Compliance (prompts 
answered/per day)
113 5.14 13.43 6.37 0.97
aMood was assessed on Likert scales (1-7). 
T A B L E  1  Descriptive characteristics
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effects, we computed standardized beta coefficients follow-
ing established procedures.32
Equation 2: Predicting valence in time course
3 |  RESULTS
3.1 | Descriptive statistics
The participants’ average IA within the study week 
was 40.86  mg/participant/wk (range  =  13.32-74.78; 
SD = 11.87). For the sake of comparison, sedentariness re-
lates to approximately 7 mg and walking to approximately 
367 mg.34 Sixty-eight participants (60%) exercised within 
the study week resulting in the total of 84 sports and 82 ex-
ercise sessions. The participants’ mean mood was 5.59 (va-
lence; SD = 0.54), 4.55 (energetic arousal; SD = 0.65), and 
5.13 (calmness; SD = 0.63; see Table 1). Furthermore, the 
ICC was 0.32 for valence (adjudicating an amount of 68% 
within-person variance), and 0.36 (adjudicating an amount 
of 64% within-person variance) for both energetic arousal, 
and calmness, showing good within-person variance for 
multilevel analyses.32 The participants’ overall compli-
ance was 82% (SD  =  14.23) in completing the e-diaries. 
Accordingly, on average, every participant answered 45.12 
(SD = 7.8) mood assessments/wk.
3.2 | Effects of incidental activity on 
mood dimensions
3.2.1 | Main effects—IA
In line with our hypotheses 1-3, our results showed signifi-
cant within-subject influences for our main predictor of in-
terest, that is, IA, on all three mood dimensions (valence, 
energetic arousal, and calmness). IA measured within the fif-
teen minutes prior to the e-diary prompt was significantly as-
sociated with increased valence (beta coefficient = 0.000710; 
P =  .002; refer to Table 2) and increased energetic arousal 
(beta coefficient = 0.000377; P = .017; refer to Table 2), but 
decreased calmness (beta coefficient = −0.000325; P = .142; 
refer to Table 2). In particular, on average, when an adoles-
cent walked instead of remained seated over the 15-minute 
interval prior to a mood assessment (eg 367 mg instead of 
7 mg34), her or his valence and energetic arousal increased 
on average by 0.257 and 0.136 (on seven-point Likert scales) 
within this e-diary entry. However, her or his calmness de-
creased on average by −0.117 (on seven-point Likert scales) 
within this e-diary entry.
Our within-subject predictors of no interest, that is, time 
of the day and time of the day squared revealed significant 
associations with valence and energetic arousal but not with 
calmness (see Table 2). In particular, the association of time 
of the day with valence and energetic arousal was reverse 
u-shaped, that is, participants’ valence scores increased from 
the daily study's start time (at approximately 9:00) to the af-
ternoon (approximately 16:00) and then decreased until the 
study's end time (at approximately 20:30).
Age, as a between-subject predictor of no interest, showed 
a significant negative effect on valence and energetic arousal 
but not on calmness (see Table 2). Sex, as a between-subject 
predictor of no interest, showed no significant effect on valence 
and calmness but approached significance in predicting ener-
getic arousal (P = .056; see Table 2). BMI, as a between-subject 
predictor of no interest, showed a significant positive effect on 
valence and calmness but not on energetic arousal (see Table 2).
3.2.2 | Time course of effects—IA
To investigate how stable associations between IA and 
mood are distinct across time frames, we analyzed whether 
IA parameterized within the time frames 1-15, 16-30, 31-
45, 46-60, and 61-75 minutes prior to the e-diary prompt 
affected the mood dimensions. In Figure 1, the x-axis de-
picts the time frames, and the standardized beta coefficients 
from the respective multilevel models are displayed on the 
y-axis. The associations between IA and both valence and 
energetic arousal are stable across all investigated time 
frames. The association between IA and calmness is only 
significant for the time frame of 16-30 minutes. These re-
sults largely support the findings from our main analyses 
(see 3.2.1 Main effects).
3.3 | Explorative analyses on the effects of 
exercise activities on mood dimensions
Exercise revealed a significant main effect on energetic 
arousal (P =< .001) and calmness (P = .037), whereas va-
lence approached the defined significance level (P = .069).
Y(valence)ij =β00+β01×agej+β02×genderj+β03×BMIj+β10






(lag60;90;120;240)+β30× time of dayij+β40
×time of day2
ij
+u0j+u1j×non exercise activityij+u3j× time of dayij+ rij
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3.3.1 | Sports
Sports were negatively associated with consecutive energetic 
arousal (beta coefficient = −0.574; P <  .001; see Table 2) 
compared to no activity (ie not moving at all). Translated 
into practice, when an adolescent engaged in sports vs did not 
engage in any exercise activity, her or his energetic arousal 
decreased on average by −0.574 in one unit (on seven-point 
Likert scales). However, cosports were not associated with 
valence and calmness (see Table 2).
3.3.2 | Exercise
Exercises were positively associated with valence (beta co-
efficient = 0.258; P = .039, see Table 2) compared to no ac-
tivity (ie not moving at all). Translated into practice, when 
an adolescent engaged in an exercise vs did not engage in 
any exercise, her or his valence increased on average by 
0.258 in one unit (on seven-point Likert scales). However, 
exercises were negatively associated with calmness (beta 
coefficient = −0.280; P = .036, see Table 2) compared to 
no activity (ie not moving at all). In particular, when an ad-
olescent engaged in an exercise vs did not engage in any ex-
ercise, her or his calmness decreased on average by −0.280 
in one unit (on seven-point Likert scales). Additionally, 
exercises were not associated with energetic arousal (see 
Table 2).
3.3.3 | Time course of effects—
sports and exercises
To investigate whether associations between exercise activity 
and mood dimensions are short-term or long-term in nature, we 
averaged sports and exercises across five time frames prior to 
F I G U R E  1  Incidental activity within distinct time frames predicts mood: Effects of incidental activity on mood across subsequent 15-min 
intervals prior to the e-diary prompts. The y-axis represents the standardized beta coefficients of valence, energetic arousal, and calmness predicted 
by incidental activity (x-axis). Significant effects of incidental activity on valence, energetic arousal, and calmness are highlighted (*P ≤ .05)
F I G U R E  2  The effect of exercise 
activities within distinct time frames on 
valence: Effects of exercise and sports on 
valence (standardized beta coefficients; 
y-axis) across five subsequent 30-min 
intervals (x-axis) prior to the e-diary 
prompts. Significant effects of exercise 
and sports on valence are highlighted 
(*P ≤ .05)
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the mood ratings (ie {1-30}, {31-60}, {61-90}, and {91-120}, 
and {121-240}). The x-axes of Figures  2-4 depict the five 
time frames after the exercise activities and prior to an e-diary 
prompt. The y-axes depict the beta coefficients of the multilevel 
models predicting the mood dimensions valence (Figure 2), en-
ergetic arousal (Figure 3), and calmness (Figure 4).
The findings indicate a significant positive effect of ex-
ercise on valence over time (Figure 2) and a negative effect 
of sports on energetic arousal (Figure 3). In contrast, sports 
showed no effect on valence and we found no effect of ex-
ercise on energetic arousal across all time frames. Exercise 
was significantly associated with calmness in the time frame 
{1-30}, but not in any other time frame.
3.4 | Comparison of the maximum 
likelihood estimates with the 
bootstrap estimates
Alongside the normal theory results based on maximum like-
lihood, we obtained bootstrap estimates with standard errors 
and 95% confidence intervals. This procedure yielded pretty 
close estimates both in fixed and random effects for all three 
outcome variables (refer to Appendix 4).
4 |  DISCUSSION
In line with our main hypotheses, our study illustrated that 
after incidental activity (such as climbing stairs), adoles-
cents felt better and more energized; explorative analyses 
revealed that after exercise (such as skating), adolescents 
felt better but less calm; and after sports (such as playing 
tennis), adolescents felt less energized. To the best of our 
knowledge, our study was the first Ambulatory Assessment 
study to investigate the effect of different types of physical 
activity on subsequent mood in a community-based sample 
of adolescents. We aimed to consider the differential ef-
fects of distinct types of physical activity on subsequent 
mood. Our findings that IA was positively related to subse-
quent valence and energetic arousal are in line with those 
of Hulley et al,35 who demonstrated that walking longer 
distances was related to increases in valence and ener-
getic arousal among 99 children aged 5-10  years over a 
period of 2  weeks. In addition, there is converging evi-
dence for a positive within-subject relationship between 
physical activity and energetic arousal in adult popula-
tions17,29 and some evidence for a positive within-subject 
association between physical activity and valence in adult 
populations.17,29
F I G U R E  3  The effect of exercise 
activities within distinct time frames on 
energetic arousal: Effects of exercise and 
sports on energetic arousal (standardized 
beta coefficients; y-axis) across five 
subsequent 30-min intervals (x-axis) prior 
to the e-diary prompts. Significant effects of 
exercise and sports on energetic arousal are 
highlighted (*P ≤ .05)
F I G U R E  4  The effect of exercise 
activities within distinct time frames on 
calmness: Effects of exercise and sports on 
calmness (standardized beta coefficients; 
y-axis) across five subsequent 30-min 
intervals (x-axis) prior to the e-diary 
prompts. Significant effects of exercise 
and sports on calmness are highlighted 
(*P ≤ .05)
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Beyond these findings, we identified clear differences in 
associations between distinct types of exercise activities on 
subsequent mood; specifically, while adolescents felt bet-
ter but less calm after exercise, they felt less energized after 
sports. Our study is the first to focus on the differential effects 
of distinct types of physical activity on subsequent mood in 
a real-life setting; consequentially, this makes comparisons 
with existing literature challenging. Although there have been 
four studies that showed distinct influences on mood and thus 
support our findings, these studies were very methodolog-
ically very different and focused on affect responses pre, 
during, and after exercises and sports. In particular, our find-
ing demonstrated that sports were negatively related to sub-
sequent energetic arousal is partly supported by Szabo et al,21 
who found the highest negative affect in competitive situa-
tions when comparing positive and negative affect between 
competitive and training situations among 26 girls perform-
ing dancing sports by measuring the affect prior and subse-
quent to the conditions. Interestingly, even among university 
students classified as exhibiting a Type A Behaviour Pattern 
(ie TABP), exercising under noncompetitive conditions led 
to mood increases, whereas competitive conditions did not 
change their acute mood response at all.22 Also supporting 
our findings, Subramaniapillai et al36 found a decrease in 
calmness in 31 healthy controls aged 13-20 years subsequent 
to a laboratory cycling ergometer test. In addition, Cushing 
et al20 supports our suggestion that different dimensions of 
affect may have different associations with physical activity. 
However, due to a lack of studies investigating the post-bout 
effect of physical activity, exercise, and sports on mood, a 
comparison with the current literature is challenging and fur-
ther studies should take the time point of measurement into 
account.37
Since adolescents attended school on weekdays, variance 
in physical activity patterns was limited; for example, pupils 
usually have to remain seated during lessons and because 
adolescents were not allowed to use smartphones in school, 
e-diaries queried for mood from 16:00 to 20:30 on weekdays 
and 09:00 to 20:00 on weekend days. To account for pos-
sible confounds introduced by different assessment ranges, 
we added weekday vs weekend as a dichotomous covariate 
into our main model. However, this did not change the results 
(for an overview see Appendix 5). We continued to explore 
possible weekday vs weekend effects by applying multilevel 
interaction analyses (weekday vs weekend × incidental activ-
ity and weekday vs weekend × exercise activity) for all of our 
main models. Here, we found three significant interaction ef-
fects, indicating that sports on weekend days were negatively 
associated with valence and calmness. Moreover, the nega-
tive association of sports with energetic arousal was stronger 
on weekend days compared to weekdays. These findings fur-
ther support the conclusions of our study.
Our study provides evidence that a clear differentiation of 
distinct physical activity types is important for an in-depth 
understanding of dynamic real-life associations between 
physical activity and subsequent mood. This information may 
also help to clarify inconclusive findings in the literature, for 
example, studies that did not find any association between 
physical activity and mood in real life; the missing differen-
tiation of distinct physical activity types might have diluted 
the effects.38
4.1 | Limitations
Some aspects of our study merits further discussion. 
First, we did not control for winning or losing a match 
or personal performance in sports. A competitive situa-
tion is affected by many parameters such as not playing 
well, social evaluation, parental pressure, not having fun 
but experiencing stress, trying to perform up to personal 
standards, and playing difficult technical and tactical 
shots.39 However, we decided to take all these param-
eters as a whole, including winning or losing, as being 
part of competitive sports situations that may affect mood 
in adolescents. Of course, every one of these factors, for 
example, winning or losing a match, may influence par-
ticipant's mood. Our data may be mixed, that is, includ-
ing both “victories” and “failures”, which may explain 
our null findings for the mood dimensions valence and 
calmness. It should be a subject of investigation in fur-
ther studies whether additional covariates, for example, 
“victories” vs “failures” or other factors, for example, 
exercise intensity, impact adolescents’ mood. Second, 
our sample (age range: 12-17 years) represents different 
developmental stages in puberty. It is possible that the 
effects of IA and exercise activity on the mood dimen-
sions differ within these stages. Thus, we explored possi-
ble age effects by applying multilevel interaction analyses 
(age × incidental activity and age × exercise activity) for 
all of our main models but did not find any significant 
interaction effects with age. Third, although we param-
eterized mood as a consequence of exercise activity and 
IA (ie using mood ratings timely following the activities), 
this constitutes only one aspect of causality. For example, 
we cannot exclude that hidden third variables might ac-
count for our findings. In simple terms, every time ado-
lescents went out to exercise, the weather may have been 
fine and thus the weather may have accounted for mood 
changes but not the exercise activity. Physical activity and 
mood may influence each other in a circular relationship, 
as suggested by Schwerdtfeger and researchers.29 Further 
studies should substantiate this hypothesis, for example, 
using ecological momentary interventions.
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4.2 | Perspectives
To the best of our knowledge, this is the first study investi-
gating the effects of physical activity on mood dimensions 
in the everyday life of naturally behaving healthy adoles-
cents. In sum, our results revealed the following: after in-
cidental activity (such as climbing stairs), adolescents felt 
better and more energized; after exercising (such as skat-
ing), adolescents felt better but less calm; and after sports 
(such as playing soccer), adolescents felt less energized. 
While our explorative findings on exercise activity need 
to be substantiated in further investigations, we suggest 
future studies on the association of physical activity and 
mood to differentiate between distinct types of physical 
activity to receive unambiguous findings. Translated into 
practice, our results infer that incidental and exercise activ-
ities result in higher post-bout valence compared to sports 
in competitive settings..
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APPENDIX 1
Group differences in demographic characteristics in datasets that were removed and those that were retained for 
analysis




Included and excluded participants Included 54 59 113
Excluded 12 9 21
Total 66 68 134
Group differences on gender for included and excluded participants
Value df Asymptotic significance (2-sided)
Pearson Chi-Square 0.620 1 0.431
Descriptive statistics on age, BMI, socioeconomic status for included and excluded participants
Group statistics
Included and excluded 
participants N Mean SD SE
Age Included 113 15.041 1.839 0.173
Excluded 21 14.407 1.242 0.271
BMI Included 113 20.143 2.657 0.250
Excluded 21 19.708 2.883 0.629
SES-index (Lampert 
et al metric)
Included 110 16.646 2.740 0.261
Excluded 20 16.380 1.877 0.420
Group differences on age, BMI, socioeconomic status for included and excluded participants
Independent samples test
Levene's test 
for equality of 
variances t-test for equality of means








interval of the 
difference
Lower Upper
Age Equal variances not assumed 7.593 0.007 1.973 38.491 0.056 0.634 0.32148 −0.016 1.285




Equal variances not assumed 5.765 0.018 0.537 35.635 0.595 0.266 0.49439 −0.738 1.269
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APPENDIX 2
Reliability of the mood scales
McDonald's Omega for valence, energetic arousal, and calmness
Parameters Estimate SE Est./SE P-value
Valence within (ω) 0.822 0.017 49.554 .000
Valence between (ω) 0.768 0.078 9.863 .000
Energetic arousal within (ω) 0.637 0.019 33.672 .000
Energetic arousal between (ω) 0.586 0.178 3.286 .001
Calmness within (ω) 0.418 0.031 13.359 .000
Calmness between (ω) 0.821 0.032 25.893 .000
APPENDIX 3
Model fit indices of valence, energetic arousal, and calmness


















9652.205 9638.535 9646.344 9649.876 9652.521 9653.389 9651.236
AIC 9656.205 9642.535 9650.344 9653.876 9656.521 9657.389 9655.236
IC 9656.208 9642.538 9650.346 9653.879 9656.524 9657.392 9655.239
CAIC 9670.853 9657.183 9664.991 9668.523 9671.167 9672.035 9669.881
BIC 9668.853 9655.183 9662.991 9666.523 9669.167 9670.035 9667.881


















10754.809 10651.416 10660.675 10664.545 10668.793 10665.960 10649.087
AIC 10758.809 10655.416 10664.675 10668.545 10672.793 10669.960 10653.087
IC 10758.812 10655.419 10664.678 10668.548 10672.796 10669.963 10653.090
CAIC 10773.457 10670.064 10679.323 10683.192 10687.440 10684.607 10667.732
BIC 10771.457 10668.064 10677.323 10681.192 10685.440 10682.607 10665.732


















10168.715 10177.869 10181.993 10186.633 10185.786 10186.453 10184.353
AIC 10172.715 10181.869 10185.993 10190.633 10189.786 10190.453 10188.353
IC 10172.718 10181.872 10185.996 10190.636 10189.789 10190.456 10188.356
CAIC 10187.363 10196.517 10200.641 10205.280 10204.433 10205.099 10202.998
BIC 10185.363 10194.517 10198.641 10203.280 10202.433 10203.099 10200.998
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APPENDIX 4
Bootstrap estimates for valence, energetic arousal, and calmness
Fixed effects bootstrap estimates for outcome VALENCE dimensional predictors
Obs Effect mean SE CI 2.5 CI 97.5
1 Intercept 5.71934 0.19976 5.31882 6.10346
2 Age −0.08069 0.01188 −0.10457 −0.05803
3 BMI 0.04751 0.00772 0.03252 0.06306
4 NEA 0.00083 0.00017 0.00051 0.00118
5 Time 0.06421 0.01315 0.03861 0.09050
6 Time2 −0.00456 0.00104 −0.00663 −0.00255
Fixed effects bootstrap estimates for outcome VALENCE categorical predictors
Obs Effect Mean SE CI 2.5 CI 97.5
1 Sex −0.10179 0.038343 −0.17464 −0.024931
Fixed effects bootstrap estimates for outcome VALENCE categorical predictors
Obs Effect Mean SE CI 2.5 CI 97.5
1 Exercise −0.11730 0.15670 −0.44104 0.17356
2 Exercise 0.24485 0.10290 0.04417 0.44776
Random effects bootstrap estimates for outcome VALENCE
Obs Effect Mean SE CI 2.5 CI 97.5
1 Intercept 0.27125 0.027490 0.22363 0.33245
2 Residual 0.48764 0.019583 0.44941 0.52606
3 NEA 0.00001 0.000002 0.00000 0.00001
4 Time 0.00202 0.000466 0.00121 0.00305
Fixed effects bootstrap estimates for outcome ENERGETIC AROUSAL dimensional predictors
Obs Effect Mean SE CI 2.5 CI 97.5
1 Intercept 5.46012 0.28770 4.89715 6.02334
2 Age −0.10676 0.01701 −0.14015 −0.07371
3 BMI 0.02622 0.01055 0.00581 0.04716
4 NEA 0.00036 0.00016 0.00005 0.00068
5 Time 0.14236 0.01575 0.11226 0.17410
6 Time2 −0.01157 0.00120 −0.01399 −0.00926
Fixed effects bootstrap estimates for outcome ENERGETIC AROUSAL categorical predictors
Obs Effect Mean SE CI 2.5 CI 97.5
1 Sex −0.23514 0.052522 −0.33749 −0.13281
Fixed effects bootstrap estimates for outcome ENERGETIC AROUSAL categorical predictors
Obs Effect Mean SE CI 2.5 CI 97.5
1 Exercise −0.57525 0.12101 −0.81653 −0.33977
2 Exercise −0.11162 0.15623 −0.41928 0.19794
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Random effects bootstrap estimates for outcome ENERGETIC AROUSAL
Obs Effect Mean SE CI 2.5 CI 97.5
1 Intercept 0.43857 0.043287 0.35759 0.52708
2 Residual 0.62654 0.018108 0.59114 0.66201
3 Time 0.00475 0.000604 0.00362 0.00600
Fixed effects bootstrap estimates for outcome CALMNESS dimensional predictors
Obs Effect Mean SE CI 2.5 CI 97.5
1 Intercept 5.14916 0.21505 4.73557 5.57837
2 Age −0.06606 0.01281 −0.09146 −0.04144
3 BMI 0.05607 0.00824 0.03998 0.07209
4 NEA −0.00022 0.00018 −0.00058 0.00015
5 Time 0.00173 0.01396 −0.02486 0.02949
6 Time2 −0.00141 0.00109 −0.00356 0.00071
Fixed effects bootstrap estimates for outcome CALMNESS categorical predictors
Obs Effect Mean SE CI 2.5 CI 97.5
1 Sex −0.17051 0.040466 −0.25101 −0.091856
Fixed effects bootstrap estimates for outcome CALMNESS categorical predictors
Obs Effect Mean SE CI 2.5 CI 97.5
1 Exercise −0.18364 0.13782 −0.45050 0.095582
2 Exercise −0.28775 0.13659 −0.55354 −0.009774
Random effects bootstrap estimates for outcome CALMNESS
Obs Effect Mean SE CI 2.5 CI 97.5
1 Intercept 0.39577 0.031396 0.33989 0.46412
2 Residual 0.55641 0.015928 0.52529 0.58796
3 NEA 0.00001 0.000001 0.00000 0.00001
4 Time 0.00228 0.000440 0.00148 0.00322
APPENDIX 5
Main model results with weekday and weekend as additional covariate
Effect of Physical Activity on Mood: Fixed Effects of Multilevel Model Analysis with weekday and weekend as additional 
covariate
Fixed effects
Predictor Beta coefficient Standard Error t-value (df) P-value
Valence
Intercept 5.675 0.497 11.422 <.001
Time (h) 0.073 0.014 5.256 <.001
Time2 (h2) −0.005 0.001 −4.410 <.001
Age (y) −0.074 0.031 −2.384 .019
BMI (kg/m2) 0.044 0.020 2.183 .031
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Fixed effects
Predictor Beta coefficient Standard Error t-value (df) P-value
Sex −0.111 0.100 −1.105 .272
Incidental activity (mg) 0.001 0.000 3.326 .001
Sports (2)—reference: no 
activity (0)
−0.115 0.118 −0.981 .326
Exercise (1)—reference: 
no activity (0)
0.260 0.125 2.083 .037
Weekday—reference: 
Weekend
−0.096 0.028 −3.402 .001
Energetic arousal
Intercept 5.367 0.622 8.629 <.001
Time (h) 0.153 0.016 9.518 <.001
Time 2 (h2) −0.012 0.001 −10.093 <.001
Age (y) −0.103 0.039 −2.641 .010
BMI (kg/m2) 0.028 0.026 1.075 .285
Sex −0.241 0.126 −1.914 .058
Incidental activity (mg) 0.0004 0.0002 2.388 .017
Sports (2)—reference: no 
activity (0)
−0.570 0.130 −4.387 <.001
Exercise (1)—reference: 
no activity (0)
−0.107 0.140 −0.767 .443
Weekday—reference: 
weekend
−0.111 0.032 −3.533 <.001
Calmness
Intercept 5.030 0.590 8.530 <.001
Time (h) 0.017 0.015 1.150 .250
Time2 (h2) −0.002 0.001 −1.422 .155
Age (y) −0.061 0.037 −1.644 .103
BMI (kg/m2) 0.057 0.024 2.341 .021
Sex −0.168 0.119 −1.406 .163
Incidental activity (mg) −0.0003 0.000 −1.438 .155
Sports (2)—reference: no 
activity (0)
−0.184 0.125 −1.467 .142
Exercise (1)—reference: 
no activity (0)
−0.277 0.133 −2.076 .038
Weekday—reference: 
weekend
−0.139 0.030 −4.610 <.001
